The solar magnetic field is key to understanding the physical processes 10 in the solar atmosphere. Nonlinear force-free codes have been shown to be useful 11 in extrapolating the coronal field upward from underlying vector boundary data.
Introduction

27
The solar interior, photosphere and atmosphere are coupled by magnetic fields. It 
T 3 = S y B x B z dx dy − S x B y B z dx dy = 0.
These relations must be fulfilled in order to be suitable boundary conditions for a 91 nonlinear force-free coronal magnetic field extrapolation. We define dimensionless 92 numbers,
in order to evaluate how well these criteria are met. Ideally, it is necessary for ǫ force = 94 ǫ torque = 0 for a force-free coronal magnetic field to exist. 
Preprocessing
Classical Preprocessing
119
The preprocessing scheme of Wiegelmann, Inhester, and Sakurai (2006) involves 120 minimizing a two-dimensional functional of quadratic form similar to the following:
where
The surface integrals as defined in Equations (3) 
149
We discuss this idea in the next section. 
Hα-Preprocessing
151
The idea is to specify another term (µ 5 L 5 ) in Equation (11) routine we take B from the photospheric vector magnetogram.
167
We define the functional:
Please note that the term B x H y − B y H x in Equation (17) 
179
We take the functional derivative of L 5
For a sufficiently small time step dt we get a decreasing L 5 with the iteration
The aim of our procedure is to make all terms in functional (11) small simulta- The nature of these forces is therefore expected to be similar to those observed on the 
224
• When the extrapolations are applied to the model-photospheric data, the ref-
225
erence field is not well recovered.
226
• Preprocessing of the model-photospheric data to remove net forces and torques 227 improves the result, but the resulting accuracy was lower than for extrapolations 228 from the model-chromospheric data.
229
The poor performance of extrapolations using the unprocessed model-photospheric 
Optimal Parameter Set for Classical Preprocessing
253
We tested more than 1000 possible combinations of µ 3 and µ 4 using the model- 
269
In the following we aim to find suitable parameters for including information from
270
Hα images into the preprocessing. parameter set for a certain instrument and particular region will be also useful for We now figure out the optimal value of µ 5 in Equation (11) 
325
The remaining rows in Tables 1 and 2 been developed in particular to derive force-free-consistent boundary conditions from regions. This effect is taken into account in rows 5-7 of both tables. In the last two 362 rows we take the chromospheric data only into account where the magnetic field 363 strength is larger than 50% and 10% of the maximum field strength, respectively.
364
Naturally, the average angle φ ave of the chromospheric fibrils with the preprocessed 365 magnetic field becomes larger than for the ideal case. We find, however, that the 366 angle φ ave,w remains relatively low in strong field regions, except for the case w 3 .
367
We can easily understand that w 3 (chromospheric information ignored where 368 the magnetic field is less than 50% of its maximum) provides less accurate results,
369
because the area where chromospheric data have been taken into account, is only a 370 very small fraction of the entire region (see Figure 4 lower central panel).
371
Case w 3 has few nonzero points. These points are, however, in the regions with 
378
For observational data the weighting w 4 (last row in the tables, areas with less 379 than 10% ignored; see also 4 lower right panel) seems to be more realistic. In this 380 case the overall average angle is not better than for classical preprocessing, but is 381 different by only about 3
• when preferential weighting is given to the more important 382 strong field regions.
383
The ultimate test regarding the success of our extended preprocessing scheme is 384 to use the preprocessed field as boundary conditions for a nonlinear force-free coronal 385 magnetic field extrapolation. The results are presented in Table 2 , row 3 for classical 386 preprocessing and rows 4-7 for Hα preprocessing. We find that all preprocessed 387 fields provide much better results than using the unprocessed data. For classical 
Conclusions and Outlook
394
Within this work we developed an improved algorithm for the preprocessing of Table 1 . Results of the various preprocessing schemes: the model chromosphere and photosphere (first two rows), classical preprocessing (third row), and the Hα preprocessing cases (last four rows). Column 1 identifies the data set, columns 2 and 3 the value of µ 5 and the weighting scheme used for the Hα preprocessing cases. Columns 4-7 provide the value of the functionals (12)- (15) and (17), respectively. In columns 8 and 9 we show how well the force-free and torque-free consistency criteria (ε force , εtorque) as defined in Equations (9) and (10) ) with φ(x, y) as defined in Equation (16 Table 2 . Results of the nonlinear force-free field extrapolations in a 3D box (320 × 320 × 256). The rows are the same as in Table 1 . The first three columns identify the preprocessing scheme, the value of µ 5 , and the weighting scheme as in Table 1 . The fourth column contains the functional L, as defined in Equation (21), which tells us how well the force-free and solenoidal conditions are fulfilled in the computational box. In columns 5-9 we compare the extrapolated 3D magnetic field with the reference solution and use different quantitative comparison metrics: the vector correlation (Cvec), the Cauchy-Schwarz metric (Ccs), the complement of the normalized vector error (E ′ n ), the complement of the mean vector error (E ′ m ), and the total magnetic energy normalized to the reference field (ǫmag) as defined in Equations (22) We briefly summarize our nonlinear force-free extrapolation code here, which has 459 been used to compute the 3D magnetic fields. We solve the force-free Equations (1) 460 and (2) by optimizing (minimizing) the following functional:
where w a (x, y, z) and w b (x, y, z) are weighting functions. It is obvious that (for 
